Let n = 2m, m odd, e|m, and p odd prime with p ≡ 1 mod 4. Let d = . In this paper, we study the cross-correlation between a p-ary m-sequence {st} of period p 2m −1 and its decimation {s dt }. Our result shows that the cross-correlation function is six-valued and that it takes the values in {−1, ±p m − 1, (1−p e ) 2 p m − 1}. Also, the distribution of the cross-correlation is completely determined.
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Introduction
One problem of considerable interest has been to find a decimation value d such that the cross-correlation between a p-ary m-sequence {s t } of period p n −1 and its decimation {s dt } is low. When gcd(d, p n −1) = 1, the decimated sequence {s dt } is also an m-sequence of period p n − 1. Basic results on the crosscorrelation between two m-sequences can be found in [1] [2] [3] . When gcd(d, p n − 1) = 1, the sequence {s dt } has period p n −1 gcd(d,p n −1) . For this case, there also are many good results which can be found in [4] [5] [6] [7] . In [6] , for an odd prime p, Choi, Lim, No, and Chung investigated into the cross-correlation of a p-ary m-sequence of period p n − 1 and its decimated sequence by d = (p m +1) 2 2(p+1) , where n = 2m and m is odd.
They have shown that the magnitude of the cross-correlation values is upper bounded by Recently, for n = 2m, p ≡ 3 mod 4, Luo, Helleseth, and Kholosha [7] determined the distribution of the cross-correlation values of a p-ary m-sequence {s t } of period p n − 1 and its decimated sequence {s dt }
It is not difficult to observe that the decimation value d in [7] is a generalization of that in [6] , i.e., for p ≡ 3 mod 4 the result in [6] can be generalized to a more general form. In fact, it can also be generalized to the case of p ≡ 1 mod 4. In this paper, for p ≡ 1 mod 4, we will combine the machinery in [5] , [7] and [6] to study the cross-correlation between a p-ary m-sequence {s t } of period p 2m − 1 and its decimated sequence {s dt } by the same d as that in [7] , that is,
2(p e +1) , e|m and m is odd. We show that the cross-correlation is also six-valued. And the distribution of the cross correlation values is determined.
Preliminaries
For an odd prime p, let F p n denote the finite field with p n elements and F * p n = F p n \{0}. The trace function Tr n m from the field F p n onto the subfield F p m is defined by
where h = n/m.
We will use the following notations in the remaining part of this paper unless otherwise specified. [6] or [7] ). It should be pointed out that both A p-ary m-sequence {s t } is given by
where Tr n 1 is the trace function from F p n onto F p . The periodic cross correlation function C d (τ ) between{s t } and {s dt } is defined by
where 0 ≤ τ ≤ p n − 2 and ω is a primitive complex pth root of unity.
The n × n matrix A whose (i, j) entry is a i,j is called the coefficient matrix of f . From [8] , we know that every quadratic form over F p is equivalent to a diagonal quadratic form
r over F p , where r ≤ n is called the rank of f . For any b ∈ F p , the number of solutions of f (x 1 , x 2 , . . . , x n ) = b is equal to the number of solutions of
The canonical additive of F p n is defined as
Definition 4 ([8]) The Gaussian sum G(η, χ) of η and χ is defined as
G(η, χ) = x∈F * p n η(x)χ(x).
The ranks of two quadratic forms
In this section, we will give some results to prove our main theorem. First, using the similar method of [6] or [7] , we can get the following four lemmas.
Lemma 1 Let the symbols be defined as in section 2. Then the cross-correlation between {s t } and {s dt }
is given by
where c = α τ , and E(a, b) =
is a quadratic form over F p .
Let r a,b be the rank of the quadratic form q a,b (x). Then the following Lemma can be derived from Corollary 5 of [6] .
, where x ∈ F p n . Then we have
where ± depends on η(△) and η is the quadratic character of F p .
By Lemmas 1 and 2, in order to compute C d (τ ), we need to find the values of r −1,c and r −α d ,cα .
The following Lemma which can be found in [6] or [4] gives us a method to compute them.
Using Lemma 3 and the method of [6] or [7] , we can get the following lemma.
Lemma 4 Let the symbols be defined as before. Then the number of solutions of
for all x ∈ F p n is equal to the number of solutions of . Hence, r a,b = n, n − e or n − 2e.
In fact, we can get further result about E(−α d , cα). To this end, we need the following lemmas and corollary.
Lemma 5 (Theorem 5.30 of [8] ) Let the symbols be defined as in section 2. Then
where a ∈ F * .
Lemma 6 (Theorem 5.16 of [8] ) Let the symbols be defined as in section 2. Then
odd.
Corollary 1 Let the symbols be defined as in section 2. Then we have
Proof: Note that
is odd when p ≡ 1 mod 4. Combining Lemmas 5 and 6, the result follows.
Lemma 7 Let the symbols be defined as before. Then
Proof: (1) Similar to the proof of Lemma 1 in [7] , we can get
Note that α is a nonsquare in F p n . By Corollary 1, we can get
(2) By lemma 2 and the above result, we can get that r −α d ,cα = n.
Combining Lemmas 1, 2, 4 and 7, we can get the following corollary.
Corollary 2 Let the symbols be defined as above. Then we have
In fact, we can prove C(−1, c) = In the next section, we will find the equations which are satisfied by E(−1, c) and C(−1, c) in order to determine the distribution of C(−1, c) or
First, using the method of [5] ,we can get the following Lemma.
Lemma 10 Let the symbols be defined as above. We have the following results:
(1)
Corollary 3 Let N i = |{c ∈ F * p n |r −1,c = n − i}|, where i = 0, e, 2e. Then we have
Proof: By Lemma 9 (2), we know that N e = p m−e (p m + 1). Note that N 0 + N e + N 2e = p 2m − 1.
Further, by Lemma 10 (2), we have
Straightforward calculation gives the result.
Combining the machinery in [5] , [7] and [6] , we have the following results.
Lemma 11 Let the symbols be defined as above. Then
c∈F p 2m
Corollary 4 Let
}|, where i = 0, e, 2e and ǫ = ±1. Then we have
,
Proof: Using Corollary 3, Lemma 10 (1) and Lemma 11 (1), we know that
.
Note that both p 
where i ∈ {0, e, 2e}, ǫ 1 = ±1, and ǫ 2 = ±1. By Lemma 9 (1), we know that 
N 2e,1,1 + N 2e,1,−1 = N 2e,1 = 0, 
